ABSTRACT Clinical-chemical traits are commonly used biomarkers to examine the health status of individuals. There is an appreciable range of normal variation in most clinical-chemical traits and the determining factors of this variation have been relatively uninvestigated in chickens. The aim of this study was to estimate the genetic parameters (i.e., heritability, genetic correlation) for 8 clinical-chemical traits (glucose, total protein, creatinine, high-density lipoprotein cholesterol, total cholesterol, glutamic oxaloacetic transaminase, glutamic pyruvic transaminase and amylase) in an F 1 intercross established by purebred breeding among the 5 lines of Korean native chickens. Phenotypic data were collected from approximately 600 F 1 animals. The genetic parameters for the clinical-chemical traits estimated by a mixed animal model using the restricted maximum likelihood method were presented. Estimated heritabilities ranged from 8.9% (glucose) to 39.6% (high-density lipoprotein cholesterol). Interestingly, both the sign and the size of the genetic and phenotypic correlations were largely different between the same several pair of clinical-chemical traits. The findings in this study will provide useful information to address issues in both quantitative trait locus study and genetic management in Korean native chickens.
INTRODUCTION
The Korean native chicken (KNC) is one of the most important chicken genetic resources in Korea. Recently, chicken meat consumption has been steadily increased in Korea. However, more than 90% were from imported breeds. Consumers demand more native chicken meat than before. Thus, KNC is important in both conservational and industrial aspects.
The first appearance of chicken in the Korean historical records was 2,000 years ago in the three kingdom period. In lines (i.e., Red-Brown, Yellow-Brown, Black, White and GreyBrown) with 9 sub-lines of native chicken in Korea (Kang et al., 1992) .
Clinical-chemical traits are commonly used biomarkers to examine the health status and robustness of individuals (Fox, 1989) . There is a considerable range of quantitative variation in most clinical-chemical traits, but the determining factors of this variation have been very rarely investigated in chickens.
Therefore, the aim of this study was to estimate the genetic parameters (i.e., heritability, genetic correlation) of quantitative variation in clinical-chemical phenotypes in a pedigreed KNC population.
MATERIALS AND METHODS
Animals
A two-generation resource pedigree using 5 lines of KNC was established and managed for this study. Within each line, three sires were mated to 4～5 dams to produce approximately
Phenotypic Analysis
Following an overnight fast of at least 10 hours, chicken blood samples of 5 mL were collected at slaughter. 
Genetic Analysis
Before estimating heritabilities, we obtained descriptive statistics and verified normal distribution of phenotypic data.
When putative outliers were observed, we omitted them based on the ascertainment of normality using the Minitab program (Minitab, USA). The Ryan-Joiner (RJ) score, a correlation coefficient indicating degree of normality with a perfect score being 1, was used to assess the normality. A phenotypic distribution with the RJ score over 0.99 was considered as a normal distribution in this study. The phenotypic values were transformed by natural logarithm (i.e., GOT, GPT, Crea, and Amy) as necessary. Heritabilities for each of the clinical chemical traits were estimated with an animal model in ASREML program (Gilmour et al., 1995) . The following linear mixed effects model was used to quantify the genetic and environmental variance components of each of the trait for the estimation of heritabilities: I is the identity matrix and σ e 2 is the residual variance (Henderson, 1986 ).
In addition, correlations (r xy ) were estimated by:
where, r xy is the estimate of phenotypic and genetic correlation; Cov(x,y) is the phenotypic and genetic covariance between a pair of traits x and y, and var (x) and var (y) are estimated phenotypic or genetic variances of traits x and y, respectively, using Minitab (Minitab, USA) for phenotypic correlation and ASREML for genetic correlation.
Both correlation coefficients were categorized as low (0.1～ 0.3), medium (0.3～0.5), and high (0.5～1.0), regardless of sign (Cohen, 1988) .
RESULTS AND DISCUSSION and approximately 52% for HDL-c in a human family study.
Descriptive Statistics and Heritability Estimation
However, Glu was found to be very low heritable, with heri- (Yoo et al., 2012) . The estimated heritabilities ranged from 40.1% (GOT)
to 96.8% (T-Cho and HDL-c), which were higher than those estimated in this study.
Genetic and Phenotypic Correlations
Genetic and phenotypic correlations were estimated between the clinical-chemical traits used for the heritability esti-mation (Table 3) LITERATURE CITED
